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Polymer Composition 

The present invention relates to a polymer composition, in particular a composition 
comprising a base polymer which is a poty(alkyl (meth)acrylate) and a rubber toughening 
agent. 

5 Base polymer such as a poly(alkyl (meth)acrylate). e.g. poly(methyt methacrylate), 

known as PMMA, can be a relatively brittle material. This detracts from its use in certain 
applications, e.g. external light clusters for automotive vehicles, where properties such as 
impact resistance are important. Conventionally, the properties of the base polymer can be 
improved by the addition of comonomers during its production and/or by the addition of 

10 toughening agents. Typically, the toughening agents are small particles having a core-shell 
structure, e.g. as disclosed in GB-A-2039496. The toughening agents are added as pre-made 
particles which are then compounded with the base polymer. Such toughening agents are 
prepared using emulsion phase polymerisation in which each layer is sequentially polymerised 
one on another. Consequently, due to the complexity of the core-shell manu^cturing process, 

15 the base polymer so toughened is relatively expensive and is primarily confined for use in 
specialised applications. 

Certain rubber toughening agents are used to improve the properties of polystyrene. 
EP- 081 8481 -A2 describes a process for the manufacture of high impact polystyrene (HIPS) 
materials using low shear mechanical agitation such that the product produced contains large 

20 particle sizes of a rubber-like composite phase up to 12 micron for shear rates all lower than 
SOrpm. These particle sizes are retained when this polymeric mixture is further extmded into 
an article. 

It has now been found that base polymer such as a poly(alkyl (meth)acryiate) as 
previously described can be toughened by the addition of certain rubber toughening agents 
25 which are added during the production of the base polymer. The polymer composition so 
formed has Improved impact resistance compared to that of the base polymer and has a 
unique morphology. 

Accordingly, In a first aspect, the present invention provides a polymer composition 
comprising 

30 (a) a base polymer which is a poly(alkyl (meth)acrylate); and 

(b) a rubber toughening agent selected from the group consisting of 

(i) copolymers of (alkyi) acrylate rubbers 

(ii) copolymers of vinyl aromatic monomers with (alkyI) acrylates 

(iii) copolymers of vinyl aromatic monomers with conjugated r*iolefins 

35 (iv) copolymers of vinyl aromatic monomers with monoethylenically unsaturated 
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monomers 

wherein the rubber toughening agent is present in the polymer composition as discrete islands 
substantially surrounded by the base polymer and In which islands are sub-Islands of the base 
polymer. 

5 In a second aspect the present invention provides a process for the preparation of a 

polymer composition comprising 

(a) a base polymer which is a poly(alkyl (meth)acrylate); and 

(b) a rubber toughening agent selected from the group consisting of 

(i) copolymers of (alkyi) acrylate rubbers 

10 ('0 copolymers of vinyl aromatic monomers with (alkyI) acrylates 

(iii) copolymers of vinyl aromatic monomers with conjugated diolefins 

(iv) copolymers of vinyl aromatic monomers with monoethylenically unsaturated 
monomers 

wherein the rubber toughening agent is present in the polymer composition as discrete islands 
i5 substantially surrounded by the base polymer and in which islands are sub-islands of the base 
polymer which process comprises dissolving the rubber toughening agent in a monomer 
composition from which the base polymer is to be formed to form a solution, polymerising the 
monomer composition to form the base polymer and thereby causing the rubber toughening 
agent to come out of solution so as to form islands within the polymer composition in which are 
20 included sub-islands of the base polymer. 

In a third aspect the present invention provides a moulded article formed from a 
polymer composition comprising 

(a) a base polymer which is a poiy(atkyl (meth)acrylate); and 

(b) a rubber toughening agent selected from the group consisting of 
25 (i) copolymers of (alkyI) acrylate rubbers 

(ii) copolymers of vinyl aromatic monomers with (alkyI) acrylates 

(iii) copolymers of vinyl aromatic monomers with conjugated diolefins 

(iv) copolymers of vinyl aromatic monomers with monoethylenically unsaturated 
monomers 

30 wherein the rubber toughening agent is present in the polymer composition as discrete islands 
substantially sun^ounded by the base polymer and in which islands are sub-islands of the base 
polymer. 

For the rubber toughening agent (i) copolymers of (alkyi)acrytate rubbers and (ii) 
copolymers of vinyl aromatic monomers with (alkyl) acrylates include both saturated and 
35 unsaturated copolymers 
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The base potymer may be a homopolymer or a copolymer. Preferably the base 
polymer contains an alky! methacrylate, such as a CrC4alkyl methacrylate. e.g. methyl 
methacrylate. Particularly preferred is when the base polymer is a copolymer of such an alky! 
methacrylate and an alkyi acrylate, such as a CrC4alkyl acrylate, e.g. ethyl acrytate. 
5 The rubber toughening agent may be selected from a wide variety of commercially 

available and other copolymers . Suitable copolymers of vinyl aromatic monomers with (alkyl) 
acrylates include styrene-butyl acrylate (St-BA) and styrene-laury) methacrylate (St-LMA) 
rubbers, preferably incorporating allyl unsaturation. Examples of monomers that can provide 
ally! unsaturation include allyl methacrylate (AMA) and glycidyl methacrylate (GMA) Suitable 

iO copolymers of (alkyl) acrylate rubbers include benzyl methacrylate-lauryl methacrylate 
(BzMA-LMA) rubber also preferably incorporating allyl unsaturation. Suitable copolymers of 
vinyl aromatic monomers with conjugated diolefins include styrene-butadiene rubbers such as 
NIpol NS210., potystyrene-polybutadiene block copolymers such as Cariflex 1184. SI 509, 
S1013. Suitable copolymers of vinyl aromatic monomers with monoethytenically unsaturated 

15 monomers include styrene ethylene butyiene styrene (SEBS) copolymer. 

It is preferred that the rubber toughening agent contains at least some degree of 
unsaturation. for example where the rubber toughening agent is a styrene-butylacrylate rubber 
it is preferred that the level of allyl unsaturation is from 1 .5 to 5.0 % (on a molar basis), 
particularly from 1 .5 to 4.5 %. and especially about 2%. Where the rubber toughening agent is 

20 selected from saturated rubbers such as styrene-butyl acrylate (St-BA), styrene-lauryl 

methacrylate (St-LMA) and benzyl methacrylate-lauryl methacrylate (BzMA-LMA) rubbers we 
find that less of the rubber toughening agent is present in the desired island/sub-island 
morphology whilst a proportion Is present in the form of discreet, separate phase. 

The islands of rubber toughening agent are generally circular in cross section and 

25 typically up to very targe average particle sizes of 250 microns or less in diameter, for 
example from 10 to 100 microns in diameter. However, where the optical properties of the 
polymer composition are especially important small diameter islands, e.g. from 2 to 5 microns, 
are desirable. Therefore it is surprising that when an unsaturated styrene-laurylmethacrylate 
rubber is used even with islands of up to 10 microns in size the optical properties of the 

30 polymer composition remain acceptable whereas a comparable polymer composition 
containing an unsaturated styrene-butylacrylate rubber is translucent and hazy. 

Typically, the rubber toughening agent represents from 1 to 20% preferably from 1 to 
1 0% by weight of the polymer composition. More preferably, the rubber toughening agent 
represents from 2 to 6% by weight of the polymer composition and in particular about 4%. for 

35 example 96% by weight of a base polymer containing methyl methacrylate and with 4% by 
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weight of a styrene-butadiene rubber. 

The polymer composition is prepared by dissolving the rubber toughening agent in a 
monomer composition from which the base polymer Is to be formed, for example a mixture of 
methyl methacrylate and ethyl acrylate, so as to fomi a solution. The preparation of the 
5 solution may be assisted with stining or agitation and is usually conducted at room 
temperature. Polymerisation of the monomer composition Is then earned out using 
conventional bulk polymerisation techniques, for example by the addition of suitable initiators 
such as lauroyi peroxide and chain transfer agents such as lauryl mercaptan. Preferably the 
temperature under which the polymerisation is conducted is controlled. Additionally, at least 

10 during the initial stages of the polymerisation, e.g. up until about 50%, and preferably up until 
about 35%, of the monomer composition has been polymerised, a high level of shear may be 
applied , for example between 100 and 250 rpm, for example about 170rpm. However it is 
preferred that the polymerisation of the monomer composition is undertaken without stirring. 
Alternative polymerisation routes, e.g. by solvent, are not known to give rise to the 

1 5 desired morphology. 

The polymer compositions of the present invention can be compression moulded or 
processed in other conventional ways to form articles having improved impact resistance. In 
such articles the desired morphology is still apparent although the size of the islands may 
change. Surprisingly, in some cases, it was found that the particle size of the islands of rubber 

20 toughening agent were greatly reduced when the polymer compositions were further 
processed , for example extruded or injection moulded. For example average particle sizes 
were found to be reduced from tens of microns to less than 5. particulariy 0.01 to 3 micron and 
especially 0.1 to 1 micron, for example 0.1 to 0.5 micron. Even more surprisingly the extruded 
or injection moulded articles were found to have properties at least equivalent to the 

25 con*esponding polymer compositions with much larger particle sizes. In some Instances the 
properties of these moulded articles were found to be enhanced as compared to the polymer 
compositions. 

The polymer compositions as herein described may also contain conventional 
additives including other modifiers such as the previously described core-shell particles which 
30 may then be added at lower than usual levels to achieve the same improved properties. 
The present invention is illustrated by reference to the following diagram. 
Figure 1 is a Transmission Electron Micrograph (TEM) of a section through a polymer 
composition of PMMA (96%) with styrene-butadlene (4%) which has been produced with 
shearing at : TOrpm during the initial stage of polymerisation and which shows the desired 
35 morphology. The base polymer (1 ) has discrete islands of rubber toughening agent (2) which 
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contain sub-islands of base potynner (3). 

Figure 2 is a TEM of a section through a polymer composition of the same 
composition as used in Figure 1 but which has not been sheared during the initial stage of 
polymerisation. 

5 The present invention is further iliustrated by reference to the following examples. 

Example 1 

Preparation of Saturated Polvfalkvl^acrvlate Rubber Touohenino Apents 

In addition to the commercially available rubber toughening agents identified a 

number of saturated rubbers were synthesised from the following monomer combinations in 
10 order to give a close match to the refractive index (Ref Ind) of the base polymer and also to 

provide a rubber toughening agent that had the requisite solubility characteristics, i.e. soluble in 

the monomer composition but insoluble in the polymer composition. 

MONOMER 1 CHOSEN FROM Styrene (St), Benzyl methacrylate (BzMA) 

MONOMER 2 CHOSEN FROM Lauryl methacrylate (LMA). Stearyl Methacrylate (SMA). 
15 Butyl Acrylate(BA) 

The copolymers were prepared via radical polymerisation in toluene with 

2.2-azobisisobutyronitrile (AIBN) initiator at 80 ''C to give polymers M^ - ca. 7-8K. 

The St-LMA and BzMA-LMA copolymers were shown by NMR to be random with 

little evidence of compositional drift. The target compositions were those predicted to give a 
20 refractive index match with a base polymer of Polymethylmethacrylate and it can be seen that, 

whilst St-LMA (II) and BzMA-LMA deviate a little from this, the desired refractive index was 

achieved for St-LMA (I). 

The glass transition temperatures (T^) of the copolymers (measured by Differential 

Scanning Catorimetry (DSC)) show a negative deviation from those predicted from the 
25 homopolymer Tgs of polystyrene (95). polylaurylmethacrylate (-64) and 

polybenzylmethacryiate (54). 



Copolymer 


Target 
Composition 


Actual 
Composition 
(NMR) 


T.C^C) 




M^10* 




Refractive 
Index 


St-LMA(I) 


19.1% St 


19.1% St 


-74 


35 


72 


2.1 


1.5 


St-LMA(II) 


19.1% St 


16.1% St 


-74 


109 


249 


2.3 


1.5 


BzMA-LMA 


15.8% 
BzMA 


21.9% 
BzMA 


-72 


39 


61 


1.95 


1.49 


St-BA 




26.3% St 


-25 


20 


33 


2.2 


1.5 



Example 2 



wo 99/12986 



PCT/GB98/02703 



6 

Preparation of Unsaturated pQlvfalkvhacrviate Rubber Toughening Agents 

In a similar manner to the above synthesised saturated rubber toughening agents, 
styrene-butyl acrylate-aiiyi methacrylate (St-BA-AMA; 1*111) and styrene-tauryi methacryiate-ailyl 
methacrylate (St-LMA*AMA; IV & V) rubbers were synthesised via radical polymerisation of 50 
5 wt% monomer solutions in toluene using AIBN as the initiator. 

The level of ally! methacrylate incorporation and molecular weight control in the 
St-BA-AMA rubbers was limited by the formation of insoluble gels at levels of AMA in the 
monomer feed higher than 2-3 wt% or concentrations of AIBN higher than ca. 0.1 wt% based 
on the monomer feed. 

10 A styrene-butyl acrylate rubber incorporating ca. 2% unsaturated methacrylate 

groups (VI) was synthesised by copolymerising styrene, butyl acrylate and methacryiic acid 
(2%) and then reacting the carboxylic acid functionality with giycidyl methacrylate (GMA) to 
generate pendant methacryiic unsaturatlon. 

The compositions (expressed in wt%) and properties of the above identified 

15 unsaturated rubbers are presented in the following table. 



Code 


St 


BA 


LMA 


AMA 


GMA 


VC) 


M„ 




M^M, 


Ref Ind 


1 


28.7 


70.5 




1.1 




-23 


233 


666 


2.86 


1.51 


II 


29.1 


68.6 




2.3 




-19 


145 


818 


5.64 


1.5 


111 


23.9 


71 




22 




-33 


173 


822 


4.75 


1.49 


IV 


13.2 




86.2 


0.6 




-74 


159 


389 


2.45 


1.49 


V 


14.5 




83.7 


1.8 




-69 


311 


822 


2.64 


1.5 


VI 


13.4 


84.6 






2 


-44 


236 


99 


2.38 





The TgS of the styrene-butyl acrylate rubbers are generally between ca. -15 & -45 **C. 
dependent upon the level of styrene incorporation, whereas the TgS of the styrene-lauryl 
methacrylate rubbers are generally ca. -70 ®C. 



The refractive indices of the St-BA-AMA rubbers I & II are higher than the desired 
20 target of ca. 1 .49 (i.e. the refractive index of PMMA) as a consequence of their high styrene 
contents whereas those of the St-LMA-AMA copolymers IV & V are closer to the target value. 

Example 3 

PreparatlQn pf Polymer Compositions using Samrated Rubber Toughening Agents from 

Example 1 

25 The following route was used to prepare the polymer compositions unless otherwise 

stated. 

St-LMA rubber was dissolved in a mixture of methyl methacrylate: ethyl acrylate 
(96:4) (herein referred to as PMMA) with stirring or agitation at room temperature. Bulk 
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polymerisation was then carried out, with no shearing, between glass plates using iauroyi 
peroxide (0.3 wt %) as the Initiator, lauryl mercaptan (0.45 wt %) as the chain transfer agent 
and employing the following temperature programme to form a cast plaque of 4-6mm 
thickness: 
5 eo^'C 20 hours 
SO^'C 1.5 hours 
100X 2 houre 
130'C 2 hours 

The cast plaque was then broken up and compression-moulded at 200'C to produce 
10 test-pieces, of 3.2 to 4mm thickness, suitable for physical property assessment. 

For the polymer composition gross phase separation was observed which resulted In 
some of the desired morphology being present. 
Example 4 

Preoaration of Polvmer Compositions using Saturated Rubber TouoheninQ Agents from 

15 Example 1 

The method of preparation was the same as in Example 3 except for the application 
of shearing during polymerisation (defined as stirring at 170 rpm during the eariy stages of 
polymerisation (I.e. <30% monomer conversion)). Polymer compositions of PMMA with 
St-LMA(II) and BzMA-LMA (4% by wt) did not result in gross phase separation. Mouldings of 

20 the polymer compositions were hazy but translucent. The TEM of the PMMA/(4%) 
(BzMA-LMA) rubber showed that a very irregular morphology existed with some islands 
containing sub-islands of PMMA but with many islands incorporating no sub-islands and of 
small size. Solubility tests , i.e. immersing a 1g cutting from a plaque in tetrahydrofuran (15ml) 
with vigorous agitation for 2 days, showed that no cross-linking was present in these polymer 

25 compositions. 
Example 5 

Preparation of Polvmer Compositions using Unsaturated Rubber Toughening Aoents from 

Example 2 

Following the preparation methods in Examples 4 and 3 polymer compositions of 
30 PMMA with the unsaturated rubbers i-VI were produced both with and without the application 
of shearing respectively and were subsequently compression moulded. TEMs of the 
compression-mouldings of PMMA/rubber_showed the desired island/sub-island morphology 
both with and without shear during polymerisation. With the application of shear the islands 
were between 0.5-10 microns in diameter. 
35 The optical properties and solubility characteristics of the compression-moulded cast 
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blends are summarised in the following table. 



Rubber 


Rubber % wt in 
Polymer Composition 


Shear® 170 rpm 


Moulding Appearance 


1 


4 


Yes 


Translucent 


1 


8 


Yes 


Translucent 


li 


4 


Yes 


Translucent 


1! 


4 


No 


Translucent 


Ill 


2 


Yes 


Translucent 


IV 


4 


Yes 


Transparent 


V 


4 


No 


Transparent 


VI 


4 


No 


Transparent 



The polymer compositions were subjected to solubility tests which indicated a level of 
gel formation and hence that the aliyi methacrylate or glycidyl methacrylate within the rubber 
had induced cross-linking within the separated phase. This contrasts with the absence of gel 
5 fomnation in polymer compositions of PMMA with saturated rubbers. 



At room temperature, polymer compositions of PMMA with St-BA-AMA are hazy 
whilst those with St-LMA-AMA were transparent. However, the converse was true at elevated 
temperatures. 
Example e 

in Preparation of Polvmer Compositions using Commercial Rubber Touohenino Aoents 

A polymer composition of PMMA with 4% of Nipol NS210, a styrene-butadiene rubber (25:75) 
available from Zeon Chemicals, was produced by the methods described in Examples 3 and 4. 
The PMMA molecular weight characteristics were M„ = 260.000. M„= 330,000 and MJM^ = 
1 .3 as measured by Gel Permeation Chromatography (GPC) of a PMMA control. The TEMs 

15 of the polymer composition showed the desired Island/sub-island morphology wherein the 
islands had very large diameters, typically greater than 100 microns under polymerisation in 
non-shear conditions. Particle size was measured by visual inspection of the TEMs. 
Example 7 

Preparation of Polvmer Compositions using Commercial Rubber Tpuohenino Aoents 
20 Kraton FG1901X. a SEBS rubber incorporating a small amount of succinic 

anhydride, provided polymer compositions, following the method in Example 3. which had the 
desired Island/sub-island morphology but wherein the islands were of generally smaller 
diameter and contained less of the PMMA as sub-islands. 
Example 8 

9f; Preparation of Polvmer Compositions usino Commercial Rub ber Toughening Agents 

Cariflex 1184, from Shell, a polystyrene-polybutadiene block copolymer (30:70) also 
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provided a polymer composition, following the method in Examples 3 and 4, of the desired 

morphology. 

Examples 

Mgchgnical Propgrtig? of thQ PQlymer Cpmpositions 

5 The mechanical properties of the various polymer compositions prepared in 

Examples 3 to 8 above are summarised in the Tables below. Unnotched Charpy impact 
strength (1m/s) was measured according to ISO 179 using an instrumented falling weight 
apparatus. Linear elastic fracture mechanics measurements ( K,e anci ductility factor) were 
canied out using an instrumented falling weight apparatus at impact rate 1m/s on single edge 

10 notched beam samples in a three-point bending geometry. Fiexural modulus was measured 
according to ISO 178 at Imm/min. 



Commercial Rubber 


Unnotched 
Charpy 
(kJ/m^) 


K,c{MN-^) 
1m/s 


Ductility 
Factor (mm) 
Im/s 


Fiexural 
Modulus 
(GPa) 


PMMA control 


11 


1.6 


0.12 


3 


Nipol NS210 (4% - 

no shear) 


26 


2.6 


0.6 


1.4 


Nipol NS210(4%- 
shear) 


38 


3.1 


1.02 


1.8 


Nipol NS210(8%- 
shear) 


23 


1.8 


0.41 


0.5 


Kraton FG1901X 
(4% - no shear) 


16 






3.1 


Cahfiex 1184 (4%- 
no shear) 


8 


2.1 


0.41 




Cariflex1184(4%- 
shear) 


23 


2.4 


0.52 





Synthesised 
Rubber 


Unnotched 
Charpy 
(kJ/m^) 


K,c(MN-^) 
Im/s 


Ductility 
Factor (mm) 
Im/s 


Fiexural 
Modulus 
(GPa) 


St-BA-AMA(1%) 
(4% - shear) 


5.9 


2.5 


0.41 


2.4 


St.BA-AMA(2%) 
(4% - shear) 


19 


2.3 


0.4 


2.3 


St-BA-AMA(1%) 
(8% - shear) 


5.5 




0.49 




Sty-BA (8% - 
shear) 






0.54 




St-LMM (4% - 
shear) 


4.5 
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St-LMA-AMA 


11 






2.4 


(1%) (4% -shear) 











The above results show improved properties of the PMMA/rubber blends compared to PMMA 
for PMM A/rubber blends prepared both with and without stining. For Carifiex 1 184 the 
apparent lack of improvement in unnotched Charpy Impact strength compared to PhAMA for the 
blend prepared without stinring is thought to be because of the difficulty of dissolving this 
5 rubber in the monomeric matrix prior to polymerisation. 
Example 10 

Post Processing of the Polvmer Compositions 

A polymer composition of PMMA with Nipol NS210 (4%) was prepared on a semi-technical 
scale. The polymer composition was extruded using a Haaka extruder at a screw speed of 



10 lOOrpm with the temperatures of the barrel sections as follows: 



Barrel Section 


1 


2 


3 


4 


Temperature (*^C) 


60 


180 


220 


230 



The table beiow shows the mechanical properties of this composition compared with PMMA 
only. 



Composition 


Unnotched Charpy 
(kJ/m*) 


K,c atlm/s 
(kJ/m*) 


Ductility Factor 
atlm/s (mm) 


Rubber island 
Diameter 

(microns) 


PMMA/rubber blend 


36.8 


3.89 


1.32 


0.1 -0.5 


PMMA comparative 


11 


1.57 


0.12 
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Claims 

1 . A polymer composition comprising 

(a) a base polymer which is a poly(alkyl (meth)acrylate); and 

(b) a rubber toughening agent selected from the group consisting of 
5 (1) copolymers of (alkyl) acrylate rubbers 

(ii) copolymers of vinyl aromatic monomers with (alkyl) acrylates 
(ill) copolymers of vinyl aromatic monomers with conjugated diolefins 
(iv) copolymers of vinyl aromatic monomers with monoethylenically unsaturated 
monomers 

10 wherein the rubber toughening agent is present in the polymer composition as discrete islands 
substantially sun-ounded by the base polymer and in which Islands are sub-islands of the base 
polymer. 

2. A polymer composition as claimed in claim 1 where the base polymer contains an 
alkylmethacrytate. 

15 3. A polymer composition as claimed in either of claims 1 or 2 where the base polymer 
is a copolymer of an alkyl methacrylate and an alkyl acrylate. 
4: A polymer composition as claimed In claims 3 where the base polymer is a 
copolymer of a C1-C4 alkyl methacrylate and a 0^0^ alkyl acrylate. 

5. A polymer composition as claimed in daim 4 where the base polymer is a copolymer 
20 of methyl methacrylate and ethyl acrylate. 

6. A polymer composition as claimed in any of claims 1 to 5 where the rubber 
toughening agent represents from 1 to 20% by weight of the polymer composition. 

7. A polymer composition as claimed in any of claims 1 to 6 where the rubber 
toughening agent represents from 1 to 10% by weight of the polymer composition. 

25 8. A polymer composition as claimed in any of claims 1 to 7 where the copolymers of 
(alkyl)acrylate and copolymers of vinyl aromatic monomers with (alkyl) acrylates incorporate 
allyl unsaturation. 

9. A polymer composition as claimed in claim 8 where the level of allyl unsaturation is 
between 1 .5 to 5.0 % on a molar basis. 
30 10. A polymer composition as claimed in any of claims 1 to 9 where the rubber 
toughening agent comprises a copolymer of (alkyl) acrylate rubbers. 
11. A polymer composition as claimed in any of claims 1 to 7 where the rubber 
toughening agent comprises a copolymer of a vinyl aromatic monomer with a conjugated 
diolefin. 

35 12. A polymer composition as claimed in claim 1 1 where the rubber toughening agent Is 
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a stryene-butadiene rubber copolymer. 

13. A polymer composition as claimed in any of claims 1 to 12 where the islands of 
rubber toughening agent have an average particle sizes of between 0.01 and 250 microns in 
diameter. 

5 14. A process for the preparation of a polymer composition comprising 

(a) a base polymer which is a poiy(ali<yl (meth)acrylate); and 

(b) a rubber toughening agent selected from the group consisting of 
(I) copolymers of (all<yl) acrylate rubbers 

(ii) copolymers of vinyl aromatic monomers with (alky!) acrylates 
10 (iii) copolymers of vinyl aromatic monomers with conjugated diolefins 

(iv) copolymers of vinyl aromatic monomers with monoethyienically unsaturated 
monomers 

wherein the rubber toughening agent is present In the polymer composition as discrete islands 
substantially surrounded by the base polymer and in which islands are sub-islands of the base 

15 polymer which process comprises dissolving the rubber toughening agent in a monomer 
composition from which the base polymer Is to be formed to fomi a solution, polymerising the 
monomer composition to form the base polymer and thereby causing the rubber toughening 
agent to come out of solution so as to form islands within the polymer composition in which are 
included sub-islands of the base polymer. 

20 15. A process for the preparation of a polymer composition as claimed in claim 14 where 
a level of shear between 100 and 250rpm is applied during the initial stages of polymerisation. 

16. A moulded article formed from a polymer composition comprising 

(a) a base polymer which is a poly(alkyl (meth)acrylate); and 

(b) a rubber toughening agent selected from the group consisting of 
25 (i) copolymers of (alkyi) acrytate rubbers 

(ii) copolymers of vinyl aromatic monomers with (alkyl) acrylates 
(ill) copolymers of vinyl aromatic monomers with conjugated diolefins 
(iv) copolymers of vinyl aromatic monomers with monoethyienically unsaturated 
monomers 

30 wherein the rubber toughening agent is present in the polymer composition as discrete islands 
substantially surrounded by the base polymer and in which Islands are sub-Islands of the base 
polymer. 

17. A moulded article formed from a polymer composition as claimed in claim 16 where 
the islands of rubber toughening agent have particle sizes of average diameter less than 5 

35 microns. 
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18. A moulded article formed from a polymer composition as claimed in either claim 16 or 
17 where the islands of rubber toughening agent have particle sizes of average diameter 0.01 
to 3 microns. 



W099/129M PCT/GB98/02703 

1/2 




Print Magnification : 10,000 



SUBSTITUTE SHEET (RULE 26) 



wo 99/12986 



PCT/GB98/02703 



2/2 



Fig.2 




Print Magnification 10,000 



SUBSimiTE SHEET (RULE 26) 



INTERNATIC»IAL SEAiRlCH REPORT 



Into. onai Application No 

PCT/GB 98/02703 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 C08F265/06 C08F291/02 C08F279/02 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documQntation searched (classification system toilowed by classification symools) 

IPC 6 C08F 



Documentation searched other than minimumdocumentation to the extent that such documents are indudad in the fields searched 



Electronic data base consulted during the international search (name ot data base and. where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ' Citation of document, with indication, where appropriate, of the relevant passages 



Relevant lo claim No. 



us 3 267 178 A (L-H LEE) 16 August 1966 



see claims 1,4 

US 4 080 406 A (KELSEY DONALD ROSS) 
21 March 1978 
see examples 

US 3 178 489 A (H E LUNK ET AL.) 
13 April 1965 
see examples 

EP 0 014 574 A (ROHM & HAAS) 
20 August 1980 
see claims 1-5 



I- 4. 

II- 14, 
16-18 



1-7,11, 
12,14-16 



I- 4. 

II- 14 



□ 



Further documents are listed In the continuation of box C. 



El 



Patent family members are listed in aruwx. 



" Special categories ot crted documents : 

A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international 

(lling date 

L" document which may throw doubts on priority ctaim(s) or 
which is cited to establish the publicafiondate ot another 
citation or other special reason (aa specified) 
"0" document referring to an oral disclosure, use. exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



T* later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principte or theory underlying the 
invention 

"X" document of particular relevance; the claimed Invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document Is taken alone 

*Y" document of particular relevance: the claimed invention 

cannot be considered to Involve an inventive step wtien the 
document is combined with one or more other such docu> 
mente, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of thelntematlonal search 



16 November 1998 



Date of mailing of the interna, inal search report 



25/11/1998 



Name and mailing address of the ISA 

European Patent Office, P. B. 5818 Patentiaan2 
NL • 2280 HV RljswIjk 
Tel. (431-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70)340-3016 



Authorized officer 



Meulemans, R 



Form PCT/lSA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 

Inronnatlon en patant family member* 


tnti .onai Applieatton No 

PCT/GB 98/02703 


Patent document 
cited in search report 


Publication 
date 


Patent family 
memberO) 


Publication 
date 



us 3267178 A 16-08-1966 NONE 



US 4080406 


A 


21-03-1978 


DE 


2716207 A 


13-10-1977 








FR 


2348234 A 


10-11-1977 








GB 


1576341 A 


08-10-1980 








JP 


52124095 A 


18-10-1977 



US 3178489 A 13-04-1965 NONE 



EP 0014574 A 20-08-1980 US 

AU 
AU 
BR 
CA 
JP 
JP 
JP 



4230833 A 
533671 B 
5508080 A 
8000772 A 
1127788 A 
1485404 C 
55123612 A 
63031488 B 



28-10-1980 

08-12-1983 
14-08-1980 
21-10-1980 

13- 07-1982 

14- 03-1989 
24-09-1980 
24-06-1988 



Fdm PCniSASIO (p«IM tui»> mnni (July IM2) 



